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Abstract 
Model organisms are frequently used in science teaching as they provide good exemplars for students that want to understand 
basic biological phenomena. The common sea urchin Paracentrotus lividus is a familiar animal that students can frequently 
observe in nature and represents a good didactic model for teaching various biological concepts in schools. Its simple body 
structure and anatomy allow easily recognition of the main external and internal organs, including spines, tube feet, feeding 
apparatus (Aristotle’s lantern), digestive tract and reproductive organs, providing several practical cues for interactive discussions 
on animal physiology and ecology. Additionally, this organism is an optimal model for in vitro observation of major reproductive 
processes, including release of gametes, fertilization and recognition of various embryonic stages. In fact, this species produces 
millions of spermatozoa and thousands of large, transparent eggs which can be easily collected; these can be used for in vitro
fertilization and observation of basic biological processes such as mitosis, cell migration and differentiation and of early 
developmental stages. 
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1. Introduction 
According to Piaget (1968), knowledge is a constantly evolving state and learning is an active process that 
requires processing tasks and construction of the learning subject. Traditional patterns of science education have 
remained largely unchanged for most of the last century and only in recent years has a new interactive knowledge 
mediation paradigm emerged: in the context of a new pedagogical paradigm, teachers share knowledge and produce 
knowledge in collaboration with students and enterprises or training organizations. The learning process becomes 
more and more a process of co-construction based on collaboration. Thus the learning process is efficient if it is 
organized as a “problem solving” strategy; during a case students are confronted with a problem that they must   
solve (Badillo & Bourgeois, 2003). John Dewey’s Social Activism theory (1938) is often also referred to as 
Progressive Education. The fundamental idea underlying this theory is that students should be able to understand 
actual experiences and be a part of hands-on experiential education. 
For Dewey, students acquire knowledge through experiences that make collectively, using the scientific method 
(or as he sometimes referred to it, the “method of intelligence”) to solve a problem. “Problems” he tells us, “are a 
stimulus to thinking.” Additionally, Bandura’s Social Learning Theory (1986) argues that people learn from one 
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another, via observation, imitation, and modelling. This relational model emphasises interpersonal relationships over 
content, in the belief that emotional relationships and positive educational environment promote learning. This 
approach to teaching and learning enables students to participate fully in a learning community where the teacher is 
not the only source of knowledge and information. It encourages full involvement in a community of learners that 
includes other students, parents, teachers, and outside experts. 
Sciences by their nature are experimental and, in science education, the laboratory assumes primary importance. 
Students enjoy science when they are given the opportunity to experience it and the guidance to enjoy in it. The 
challenge is to define a new approach to science teaching and learning. The construction of scientific knowledge is 
based on the sharing of experiences and concepts. For students the "laboratory" is a fertile ground for building 
experimental and reasoning skills. Such skills should lead to the development of critical thinking for the verification 
of concepts, models and theories. The laboratory is not only a physical place, but a metaphor not only for the 
acquisition knowledge, but also for gaining experience of real or simulated procedures, materials, and methods. We 
have built the educational experience of the Milano Biology Summer School around this philosophy. The school is 
aimed at final year high school students, who must choose their future course for university studies. It also plays an 
important role in stimulating and orienting young people towards scientific studies. 
The history of science, and in particular that of biology, has been marked by the search for the most suitable tools 
to pursue scientific inquiry. Model organisms, can be effectively used in education as well as in research, in fact 
middle school students learn science first-hand when making plant and animal cell models (Pasini et al., 2010): they 
can be an interesting and versatile "tool" in the study of both basic biological mechanisms and the more complex 
issues. Model organisms are chosen on the basis of their small size, low cost, and ease of maintenance.  
During our Biology Summer School we decided to use sea urchin as a model organism for laboratory 
experiences, as it has proved valuable for the study of embryology, and because it is very common in our seas. 
2. The Core Lab 
Two different laboratory activities were performed. In these type of activities students can be grouped or work 
singularly, the main limitation being stereo and light microscope availability. 
2.1. Anatomy of the sea urchin: external observations  
Live sea urchins contained in seawater filled beaker were observed. Most of the students already knew this 
animal and this makes easier the approach to the study of its anatomy. Observations and discussions were carried 
out on: 
2.1.1. General body architecture and links with its possible adaptive significance: the sea urchin P. lividus reaches a 
maximal diameter of 65 to 70 mm; the body of the postmetamorphic echinoid has a hemispherical shape with a 
pentaradial symmetry mainly composed by a calcareous endoskeleton located just under the epidermis, composed of 
calcareous ossicles sutured together in a solid test which essentially contains gonads and the different components of 
the digestive apparatus (Hyman, 1955) (Fig. 1); the oral opening faces the substrate (oral side) and is surrounded by 
a circular thick membrane not covered by spines composed by the peculiar connective tissues called Mutable 
Collagenous Tissues (MCTs) (Wilkie, 2005); ingested food is grinded by a complex skeletal apparatus called 
Aristotele’s lantern, from Aristotle's description in his History of Animals (Fig. 1).  
 
2.1.2. External appendages: the test supports movable spines that cover the body of the animal and are at the origin 
of the name Echinoidea, "like a hedgehog (porcupine)". Locomotion in any direction is sometimes aided by the 
movements of spines that are also the primary mode of defence against hungry predators. Spine posture was 
observed and then a few spines were removed allowing the direct observation of articulations; this addressed the 
discussion toward the physiological importance of MCTs and their functioning, including their involvement in auto-
amputation (autotomy) and regeneration phenomena of body parts.  
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2.1.3. Easily noticed are the ambulacral tube feet, external expansions of the water vascular system (Hyman, 1955). 
They are mainly used for attachment and movements on the substrate and they provide an optimal example of 
hydrostatic system employed for locomotion and respiration. 
 
 
Figure1. Schematic drawning of the internal organs. Digestive tube (yellow), gonads (orange), genital plates (green), axial organ (pink), tube feet 
ampullae (light blue), Aristotele’s Lantern composed by muscles (red), ligament (violet) and ossicles (white). Only one of the five series of tube 
feet ampullae is shown. 
 
2.2. Animal Dissection Experience 
Sea urchins were dissected in two halves by scissors allowing the observation of the internal organs (Fig. 1): 
 
2.2.1. Aristotele’s lantern, with teeth characterized by a T-Beam structure, whose usefulness (high resistance but low 
weight) is often exploited also by humans when similar architectural and functional problems are faced, was 
dissected and all the different pieces were detached and eventually observed under the microscope. 
 
2.2.2. Digestive tract forms two complete turns around the inner side of the test wall, one in one way and the other 
one in the opposite direction, leaving much space in the internal cavity for gonads. The digestive tube was removed 
from the test and the main anatomical parts were recognized (esophagus, digestive tract, intestinal tract); the feeding 
behavior of the animal was discussed; like any echinoderm, sea urchins have a water-vascular system which is used 
for locomotion: (tube feet (podia) elongate and retract and their sucker-shaped tip can attach to and detach from the 
substrate); the internal parts of the water vascular system (tube feet ampullae) were observed and then removed to 
disclose the ambulacral pores where tube feet pass through. 
 
 2.2.3. Anatomy of the reproductive organs reflects the radial symmetry of the animal (Fig.1): five gonads open in 
genital pores close to the anus and are disposed radially in the coelomic cavity along the ambulacral zones; gonads 
were initially in-situ observed, in order to recognize gonoducts and the genital openings through the test 
(gonopores), successively they were removed and observed under the microscope in order to better appreciate their 
structural organization (Fig. 2). At the end of the dissection we opened the discussion about P. lividus reproductive 
biology that allowed the introduction of the following activities (in vitro fertilization). 
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Figure 2. Dissection of P. lividus.Cutting (a), separation of the oral and aboral halves (b). Details of the oral half containing the peristomial 
membrane(c). Details of the gonads (d). 
 
2.2. "In vitro" fertilization and first developmental stages  
Live sea urchins were injected at the level of the peristomial membrane with 0.5 M KCl solution. Females 
released an orange-red fluid, containing the eggs, while for males a whitish fluid was observed, i.e. the spermatic 
fluid. Eggs were collected with a Pasteur pipette and stored in tubes containing artificial seawater, while sperms 
were collected dry, since contact with seawater induces their activation. Some drops of egg solution were put on a 
glass slide and observed in detail under the light microscope. Discussion was addressed to concepts like meiosis (sea 
urchins are one of the few animal models where meiosis is completed within the ovary, so what students observe are 
truly aploid gametes). The presence of some scattered oocyte allowed the comparison with the mature egg. Sea 
urchin oocytes provided an excellent model to the in vivo observations of cells, since their nucleus and cytoplasm 
are clearly recognizable. Some drops of sperm were added to the tubes containing the egg solution, to allow 
fertilization; some drops of this mixture were collected: 
- after few seconds, to observe the sperm swimming behavior and the formation of the fertilization 
membrane; discussion was addressed to strategies for avoiding polispermy; 
- after half an hour, to observe the cleavage process and therefore the fundamental biological process of 
mitosis;  
- after two hours, to observe blastomeres formation and discuss about the establishment of body axes and 
symmetry. Advanced developmental stages (blastula, gastrula, and pluteus) can be observed in the following days or 
can be immediately showed if collected and fixed in advance (Fig. 3). The presence of a larval feeding stage allowed 
a deeper examination of reproductive strategies/ecology.  
 
 
 
 
Figure 3.P. lividus embryos at the 2-cell stage blastomeres 
 
 
All these activities are provided in a way that give to the students the opportunity to work with the organisms 
used in research and provide a hands-on model of living systems. During our Summer School are also provided 
support lessons that develop skills necessary for successful completion of the primary laboratory activities. When 
students undergo new challenge in life science, they will need skills to study the problem, propose solutions, test 
their ideas and modify their plans to ultimately come to a satisfactory conclusion. This is a skill worthy of any 
profession and goal in life, not just sea urchin biology. 
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